タイ国における選抜育種に向けたアカマダラハタとタマカイの 雑種ハタF1集団を用いた成長関連形質のQTL解析 by 久保田 諭
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reverse primer2.0 mM MgCl25§) 1× Ex Taq buffer0.2 mM dNTP1% bovine serum 
albumin0.025 U TaKaRa Ex TaqƃTakara Bio Inc., Otsu, Shiga, JapanƄ	.% 50 ng#Nj
ZgkO DNA5§) 10 µl#×ċqMastercycler pro SƃEppendorf, Barkhauseweg, 
Hamburg, GermanyƄ"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Ø	Ô/2 PCRĜĕ$İŪ# Loading dyeƃ98% formamide, 10 mM EDTA (pH 
8.0), 0.05% bromophenol blueƄ595°C 15ŮµÙÒ8 MÀĵ5§) 6%
\e6?ef6^PµÙAf5ĝ1800 Vĳ 2îŮ#ŸąĊ5ņ	ŸąĊ
ĶtÒTyphoon FLA 9500 biomolecular imagerƃGE Healthcare Life Sciences, Little 






 Ţūŏø"ĝ1 DNA ]k<k$2'"³¨2?;	.%6<]KdS
J#Ţū®¬"Ũĺ2 SSR]k<k
/mŠ6<]KdSJŵ'$J]<
8ų# F0"	¶°ÙĨŗ+#5ťà	#űāĮņ QTL ŏ
øÖŋ!ðŰ#û5Ô1*"¢ŢūĻ"	ťà]k<kŮ#Ŧ|
ģŝŷ 20 GjLaf=jƃcMƄ{ !1." SSR]k<k5ťƃMassault 
et al. 2008Ƅ	Ţūŏø"$ťà SSR]k<k# F0	.% F1ŶīSJ 178¿5ŏø
Ô/2Ŧ|¸°Ú³5ĝ	¢]k<kŮ#Ţūûº ķæ#äº$




$Ô/2Ŧ|¸°Ú³5ÞwŨÏÍ"µæņ	ŢūĻ$ logarithm of odds
ƃLODƄ 4.0 {mŢū1]k<k5¤ŢūĻ"Â1 (!	¢ŢūĻ






2ű$ŖÎ1ŢūĻ5ŢūĻ¥+2  Ňő	Ţū®¬$ MapChart version 2.1
IXO9:6ƃVoorrips 2002Ƅ5ĝåğ	F1ŶīSJ#ŎƁī16<]K












289 ƃ35.9%ƄųŎ#AR_"	¶°Ù5ĩ	/" 189 # SSR ]k<
k"	$ŵŎųŎ +"¶°Ùŗ*/2	Ŧ|¸°5 SSR]k<






# SSR]k<kŨĺ2#Ŧ|ģŝŷ#£Ő$ 1,201.8 cM	¢ŢūĻ
"	1£ŐŦ|ŝŷ$ð½ 41.2 cMƃŢūĻ 20Ƅð· 59.0 cMƃŢūĻ 14Ƅ
	J]<8ƃųƄ#Ţū®¬$ 235# SSR]k<kŨĺ2#Ŧ|ģŝŷ
#£Ő$ 953.7 cM	¢ŢūĻ"	1£ŐŦ|ŝŷ$ð½ 2.8 cMƃŢūĻ
13Ƅð· 61.4 cMƃŢūĻ 14Ƅ	¤]k<kÌ"Ŋé# SSR]k<k
Ũĺ2*2/5 1 #]k<kÌ (! 36<]KdSJƃŵƄ
#Ţū®¬$ 263J]<8ƃųƄ#Ţū®¬$ 171#ėĭ]k<kÌŌ
2	25²"Ųã1 2#]k<kÌŮ#Ç¯Ŧ|ŝŷ$6<]Kd














/6<]KdSJJ]<8#AR_B8F$ 1,445.3 cM	.% 1,294.0 
cM äº2õŢū®¬".1äºAR_<TkĘ$22 83.2%73.7% ı





k$ 166	166# SSR]k<k"	Ųã1 2#]k<kÌŮ#Ŧ
|ŝŷ#£Ő$6<]KdSJƃŵƄ 1,111.8 cMJ]<8ƃųƄ 870.2 cMƃŵų







6<]KdSJ	.%J]<8#SZh8PúŃé$ 24 õ1 ³¨2













ńÆ$1ų#ķæĘŵ#2"Ą&¦"1ƃKessuwan et al. 2016; 
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Efu_LG1 16 11 47.7 4.3 12.0 
 
56.8 57.2 57.0 83.6 
Efu_LG2 14 11 48.4 4.4 14.4 
 
57.5 58.1 57.8 83.7 
Efu_LG3 20 14 49.9 3.6 12.6 
 
59.0 57.6 58.3 85.6 
Efu_LG4 9 8 53.3 6.7 22.1 
 
62.4 68.5 65.5 81.4 
Efu_LG5 10 8 50.2 6.3 24.2 
 
59.3 64.5 61.9 81.0 
Efu_LG6 11 8 53.3 6.7 16.3 
 
62.4 68.5 65.5 81.4 
Efu_LG7 12 10 53.5 5.4 13.8 
 
62.6 65.4 64.0 83.6 
Efu_LG8 18 12 49.9 4.2 12.0 
 
59.0 59.0 59.0 84.6 
Efu_LG9 13 11 46.4 4.2 9.7 
 
55.5 55.7 55.6 83.4 
Efu_LG10 25 18 50.4 2.8 12.0 
 
59.5 56.3 57.9 87.0 
Efu_LG11 14 7 49.3 7.0 24.9 
 
58.4 65.7 62.1 79.4 
Efu_LG12 15 13 52.4 4.0 13.8 
 
61.5 61.1 61.3 85.4 
Efu_LG13 24 18 48.8 2.7 14.4 
 
57.9 54.5 56.2 86.8 
Efu_LG14 16 13 59.0 4.5 14.4 
 
68.1 68.8 68.5 86.1 
Efu_LG15 10 9 45.7 5.1 14.5 
 
54.8 57.1 56.0 81.6 
Efu_LG16 12 11 54.1 4.9 15.0 
 
63.2 64.9 64.1 84.4 
Efu_LG17 18 11 48.1 4.4 10.3 
 
57.2 57.7 57.5 83.7 
Efu_LG18 11 9 53.5 5.9 14.4 
 
62.6 66.9 64.8 82.6 
Efu_LG19 21 14 49.2 3.5 11.4 
 
58.3 56.8 57.6 85.5 
Efu_LG20 6 5 41.2 8.2 14.4 
 
50.3 61.8 56.1 73.5 
Efu_LG21 15 13 52.9 4.1 15.0 
 
62.0 61.7 61.9 85.5 
Efu_LG22 15 14 50.8 3.6 16.9 
 
59.9 58.6 59.3 85.7 
Efu_LG23 12 8 47.7 6.0 10.8 
 
56.8 61.3 59.1 80.7 
Efu_LG24 10 7 46.1 6.6 28.6 
 
55.2 61.5 58.4 79.0 
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Ela_LG1 11 7 42.0 6.0 17.5 
 
53.2 56.0 54.6 77.0 
Ela_LG2 6 5 30.0 6.0 22.1 
 
41.2 45.0 43.1 69.6 
Ela_LG3 11 6 20.3 3.4 16.9 
 
31.5 28.4 29.9 67.8 
Ela_LG4 8 8 40.7 5.1 16.3 
 
51.9 52.3 52.1 78.1 
Ela_LG5 8 6 54.0 9.0 31.8 
 
65.2 75.6 70.4 76.7 
Ela_LG6 9 8 46.9 5.9 17.5 
 
58.1 60.3 59.2 79.3 
Ela_LG7 11 9 45.4 5.0 11.4 
 
56.6 56.8 56.7 80.1 
Ela_LG8 11 9 39.8 4.4 13.2 
 
51.0 49.8 50.4 79.0 
Ela_LG9 10 7 11.8 1.7 3.9 
 
23.0 15.7 19.3 61.0 
Ela_LG9+2 2 2 6.8 3.4 6.8 
 
18.0 20.4 19.2 35.5 
Ela_LG10 17 10 32.2 3.2 8.5 
 
43.4 39.4 41.4 77.9 
Ela_LG11 8 4 50.6 12.7 39.9 
 
61.8 84.3 73.0 69.3 
Ela_LG12 10 6 25.9 4.3 16.3 
 
37.1 36.3 36.7 70.7 
Ela_LG13 12 5 2.8 0.6 1.1 
 
14.0 4.2 9.1 30.8 
Ela_LG13+2 4 3 10.2 3.4 6.2 
 
21.4 20.4 20.9 48.9 
Ela_LG14 13 11 61.4 5.6 13.8 
 
72.6 73.7 73.1 84.0 
Ela_LG15 6 6 27.2 4.5 18.2 
 
38.4 38.1 38.2 71.2 
Ela_LG16 8 7 44.1 6.3 16.3 
 
55.3 58.8 57.0 77.3 
Ela_LG17 13 10 48.2 4.8 17.5 
 
59.4 58.9 59.1 81.5 
Ela_LG18 7 5 33.4 6.7 24.9 
 
44.6 50.1 47.3 70.6 
Ela_LG19 13 8 50.5 6.3 37.0 
 
61.7 64.9 63.3 79.8 
Ela_LG20 6 4 36.3 9.1 27.8 
 
47.5 60.5 54.0 67.3 
Ela_LG21 11 9 52.3 5.8 18.8 
 
63.5 65.4 64.4 81.2 
Ela_LG22 6 5 32.2 6.4 16.9 
 
43.4 48.3 45.8 70.3 
Ela_LG23 9 8 51.2 6.4 23.5 
 
62.4 65.8 64.1 79.9 
Ela_LG24 5 3 57.5 19.2 32.6 
 
68.7 115.0 91.8 62.6 
%9 235 171 953.7 5.6 
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<?8(LG) #;	  
=!:D(cM) 
C	 B	
LG1 Ebr01321FRA/EfuSTR0029DB 0.0  3.9  
 
EfuSTR0029DB/Ebr01422FRA 0.0  5.1  
 
Ebr01422FRA/Ebr00236FRA 1.1  1.7  
 
Ebr00236FRA/Ebr00806FRA 20.5  29.6  
 
Ebr00806FRA/Ebr00899FRA 12.0  1.7  
 
+9(LG1) 33.6  42.0  
LG2 Ebr01006FRA/EseSTR70DB 29.1  28.3  
 
EseSTR70DB/EguSTR129DB 7.9  1.7  
 
EguSTR129DB/Ebr00056FRA 11.4  0.0  
 
+9(LG2) 48.4  30.0  
LG3 Ebr01353FRA/EfuSTR320DB 29.6  16.9  
 
EfuSTR320DB/EfuSTR0041DB 0.0  0.0  
 
EfuSTR0041DB/EawSTR12DB 0.0  1.1  
 
EawSTR12DB/EfuSTR0040DB 1.1  0.6  
 
EfuSTR0040DB/Ebr00798FRA 2.8  1.1  
 
Ebr00798FRA/EguSTR122DB 7.4  0.0  
 
EguSTR122DB/Ebr01056FRA 3.9  0.6  
 
Ebr01056FRA/Ebr01239FRA 0.6  0.0  
 
Ebr01239FRA/Ebr01433FRA 2.8  0.0  
 
+9(LG3) 48.2  20.3  
LG4 Ebr00469FRA/Ebr00947FRA 6.8  16.3  
 
Ebr00947FRA/Ebr00812FRA 7.3  2.8  
 
Ebr00812FRA/Ebr00897FRA 5.1  2.8  
 
Ebr00897FRA/Ebr01019FRA 33.5  8.0  
 
+9(LG4) 52.7  29.9  
LG5 Ebr01339FRA/Ebr00297FRA 5.6  0.0  
 
Ebr00297FRA/Ebr01288FRA 6.2  0.6  
 
Ebr01288FRA/Ebr00685FRA 4.5  0.0  
 
Ebr00685FRA/Ebr00305FRA 32.7  31.7  
 
Ebr00305FRA/MmiSTR266DB 0.0  0.6  
 
+9(LG5) 49.0  32.9  




ElaSTR392DB/EfuSTR0005DB 13.7  3.9  
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EfuSTR0005DB/Ebr00734FRA 5.1  3.4  
 
Ebr00734FRA/Ebr00196FRA 11.4  6.2  
 
Ebr00196FRA/Ebr01157FRA 4.0  9.7  
 
Ebr01157FRA/Ebr00282FRA 0.0  5.6  
 
Ebr00282FRA/Ebr01306FRA 0.0  17.5  
 
+9(LG6) 53.3  46.9  
LG7 EfuSTR201DB/ElaSTR220DB 0.0  11.4  
 
ElaSTR220DB/ElaSTR412DB 1.1  2.3  
 
ElaSTR412DB/Ebr00628FRA 2.3  10.8  
 
Ebr00628FRA/Ebr00959FRA 3.3  9.7  
 
Ebr00959FRA/Ebr00693FRA 10.3  3.3  
 
Ebr00693FRA/Ebr00762FRA 8.5  2.8  
 
Ebr00762FRA/Ebr00462FRA 15.0  5.1  
 
+9(LG7) 40.5  45.4  
LG8 Ebr01086FRA/Ebr01201FRA 0.0  4.5  
 
Ebr01201FRA/Ebr00822FRA 0.0  13.2  
 
Ebr00822FRA/Ebr01041FRA 0.0  0.6  
 
Ebr01041FRA/Ebr00204FRA 2.8  8.5  
 
Ebr00204FRA/Ebr01168FRA 7.4  6.2  
 
Ebr01168FRA/ElaSTR402DB 0.5  0.0  
 
ElaSTR402DB/ElaSTR394DB 15.3  5.1  
 
ElaSTR394DB/Ebr00797FRA 5.1  1.7  
 
Ebr00797FRA/EitSTR376DB 0.0  0.0  
 
+9(LG8) 31.1  39.8  
LG9 Ebr01076FRA/Ebr01459FRA 2.2  0.0  
 
Ebr01459FRA/Ebr01134FRA 12.5  0.5  
 
Ebr01134FRA/Ebr00910FRA 22.7  7.3  
 
Ebr00910FRA/EguSTR157DB 0.0  0.0  
 
EguSTR157DB/Ebr01290FRA 2.2  0.6  
 
Ebr01290FRA/Ebr01120FRA 1.7  2.8  
 
+9(LG9) 41.3  11.2  
LG10 Ebr01272FRA/Ebr00445FRA 0.0  0.6  
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Ebr00984FRA/Ebr01032FRA 3.4  2.2  
 
Ebr01032FRA/Ebr00814FRA 4.5  6.8  
 
Ebr00814FRA/Ebr00974FRA 12.0  2.8  
 
Ebr00974FRA/EseSTR95DB 2.3  0.0  
 
EseSTR95DB/Ebr00317FRA 3.9  2.3  
 
Ebr00317FRA/Ebr00909FRA 13.0  4.5  
 
Ebr00909FRA/EfuSTR339DB 0.6  0.0  
 
EfuSTR339DB/Ebr00774FRA 2.2  0.0  
 
Ebr00774FRA/Ebr01071FRA 5.7  0.0  
 
+9(LG10) 50.4  32.2  
LG11 Ebr00728FRA/Ebr00894FRA 0.0  39.9  
 
Ebr00894FRA/Ebr00279FRA 25.5  10.7  
 
Ebr00279FRA/Ebr00687FRA 7.3  0.0  
 
Ebr00687FRA/ElaSTR223DB 15.9  0.0  
 
+9(LG11) 48.7  50.6  
LG12 Ebr00245FRA/Ebr01054FRA 3.4  16.3  
 
Ebr01054FRA/EfuSTR330DB 7.3  6.2  
 
EfuSTR330DB/Ebr00010FRA 13.2  1.7  
 
Ebr00010FRA/Ebr00793FRA 18.9  1.7  
 
Ebr00793FRA/Ebr01325FRA 3.9  0.0  
 
Ebr01325FRA/Ebr00857FRA 1.7  0.0  
 
+9(LG12) 48.4  25.9  
LG13 Ebr00102FRA/Ebr01291FRA 2.2  0.6  
 
Ebr01291FRA/Ebr01380FRA 7.9  0.0  
 
Ebr01380FRA/Ebr00826FRA 3.9  0.0  
 
Ebr00826FRA/Ebr01101FRA 4.0  0.5  
 
Ebr01101FRA/Ebr01402FRA 3.4  1.1  
 
Ebr01402FRA/EitSTR381DB 26.8  0.0  
 
EitSTR381DB/Ebr01097FRA 0.0  6.2  
 
Ebr01097FRA/Ebr01242FRA 0.0  4.0  
 
+9(LG13) 48.2  12.4  
LG14 EfuSTR0054DB/Ebr00945FRA 6.2  0.6  
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Ebr01426FRA/EfuSTR358DB 4.5  0.0  
 
EfuSTR358DB/Ebr00783FRA 6.8  1.1  
 
Ebr00783FRA/Ebr01174FRA 7.9  8.0  
 
Ebr01174FRA/Ebr00520FRA 17.3  8.5  
 
Ebr00520FRA/Ebr00084FRA 11.2  17.6  
 
Ebr00084FRA/Ebr01254FRA 0.6  2.8  
 
Ebr01254FRA/Ebr00780FRA 0.0  22.3  
 
+9(LG14) 56.2  61.4  
LG15 Ebr00222FRA/Ebr00131FRA 17.6  18.2  
 
Ebr00131FRA/EfuSTR0076DB 23.6  6.2  
 
+9(LG15) 41.2  24.4  
LG16 Ebr00184FRA/Ebr01421FRA 40.0  10.8  
 
Ebr01421FRA/Ebr00939FRA 3.3  6.8  
 
Ebr00939FRA/EfuSTR0020DB 10.3  16.2  
 
EfuSTR0020DB/EfuSTR360DB 0.0  9.7  
 
EfuSTR360DB/Ebr01289FRA 0.5  0.6  
 
+9(LG16) 54.1  44.1  
LG17 Ebr00621FRA/ElaSTR411DB 0.0  1.2  
 
ElaSTR411DB/EfuSTR425DB 0.0  1.7  
 
EfuSTR425DB/Ebr01002FRA 0.0  0.5  
 
Ebr01002FRA/Ebr01210FRA 0.0  17.6  
 
Ebr01210FRA/Ebr01065FRA 1.1  12.6  
 
Ebr01065FRA/Ebr00884FRA 14.2  6.8  
 
Ebr00884FRA/Ebr00896FRA 0.0  1.1  
 
Ebr00896FRA/Ebr01461FRA 5.6  0.0  
 
Ebr01461FRA/EcoSTR261DB 16.5  2.8  
 
+9(LG17) 37.4  44.3  
LG18 Ebr00217FRA/Ebr00111FRA 14.4  0.6  
 
Ebr00111FRA/ElaSTR405DB 7.4  0.0  
 
ElaSTR405DB/Ebr01099FRA 27.8  6.2  
 
+9(LG18) 49.6  6.8  
LG19 EguSTR126DB/Ebr01150FRA 0.0  0.6  
 
Ebr01150FRA/Ebr01025FRA 0.6  3.3  
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Ebr01025FRA/Ebr00724FRA 0.5  2.8  
 
Ebr00724FRA/Ebr01093FRA 0.0  2.3  
 
Ebr01093FRA/PlaSTR269DB 14.1  37.0  
 
PlaSTR269DB/Ebr00856FRA 6.2  3.4  
 
Ebr00856FRA/Ebr01275FRA 21.1  1.1  
 
Ebr01275FRA/EawSTR42DB 6.7  0.0  
 
EawSTR42DB/Ebr00333FRA 0.0  0.0  
 
+9(LG19) 49.2  50.5  
LG20 EguSTR139DB/Ebr01309FRA 14.4  27.8  
 
Ebr01309FRA/Ebr00666FRA 26.8  8.5  
 
+9(LG20) 41.2  36.3  
LG21 Ebr00145FRA/EfuSTR341DB 0.0  2.2  
 
EfuSTR341DB/Ebr01448FRA 0.0  18.9  
 
Ebr01448FRA/Ebr01299FRA 1.1  12.6  
 
Ebr01299FRA/Ebr00594FRA 23.8  17.5  
 
Ebr00594FRA/ElaSTR393DB 2.3  1.1  
 
ElaSTR393DB/EguSTR155DB 1.1  0.0  
 
EguSTR155DB/Ebr00999FRA 21.8  0.0  
 
+9(LG21) 50.1  52.3  
LG22 Ebr00711FRA/EacSTR236DB 2.3  4.5  
 
EacSTR236DB/EfuSTR0061DB 23.6  16.9  
 
EfuSTR0061DB/Ebr01319FRA 2.3  0.5  
 
Ebr01319FRA/Ebr00467FRA 17.0  0.0  
 
+9(LG22) 45.2  21.9  
LG23 Ebr00624FRA/Ebr01236FRA 0.0  6.8  
 
Ebr01236FRA/Ebr00958FRA 0.0  23.5  
 
Ebr00958FRA/Ebr00975FRA 1.7  6.2  
 
Ebr00975FRA/EguSTR125DB 36.4  14.1  
 
EguSTR125DB/Ebr00817FRA 9.6  0.6  
 
+9(LG23) 47.7  51.2  
LG24 Ebr01287FRA/Ebr01170FRA 7.9  0.0  
 
Ebr01170FRA/Ebr01077FRA 37.7  32.6  
 
Ebr01077FRA/Ebr01003FRA 0.5  24.9  
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+9(LG24) 46.1  57.5  
LG1–24 %9 1111.8  870.2  












¡ƻ5ƸÁ9Ɖĝ#ŋ5  QTL9ªņ2Ģ 5/5ǋWang et 
al. 2006; Guimarães et al. 2007ǌ	$/·$ƥÏÆ
¹q5 zó65
F1ƸÁ%ĚĜ QTL Ģ 9Őŏ 5ƉĝÔţ ŋ5#%sº5 Ÿ3
65ǋDoerge 2002ǌ		"
3;AbQiZPǋƹǌ PbA=ǋƷǌ	3




Ģ 64ǋSong et al. 2012; Wang et al. 







 èƔ#ưt5 QTL w$xƅ"0$
Ģ 5 Ÿ365ǋǈǂ 
2000ǌ	ĚŜ%õƭņ$ō"5;AbQiZP PbA=9~ƺ F1ƺŘ











 P=ıŊÛCi]ĴÜĽģŔŚƮŎNoPp# 2013à 3ĕ# F0 ;AbQi
ZPƹ 2Ú PbA=Ʒ 1Ú9Ŀ~Ƨō"5ƹƈ	3  F1ƺŘZP¯ä
Ôţ 2Ôţ9ï	Ŀ~Ƨ%ğſĉ9ƀ8vƈǆ	3ă³ę´Ţ± Ţ
Ï9°ť#ĸ¸5 ƀ	 $õƭưƟèƔUpP9²Ƹ5/#
PITǋPassive Integrated TransponderǌPD9 5AĕǊēǋßÅƭŤ 15 cmǌ#ā	
PIT PDāíǆ%¹NoPp#5ǃǆĲ$ŉšǋ2 epVk¿Đķ 5 ep




 FYd DNA%ŝ 1Ŝ ¹ĥ#Ǉ$qƦ24 Coimbra et al.ǋ2003ǌ$Đĵ#îý 
	ý  DNA% NanoDrop 2000cǋThermo Fisher Scientific, Waltham, MA, USAǌ




 õƭưƟèƔ$ĹÒĔũĕǋ2014 à 10 ĕǌ#5ƭǋTLǌƩǋBWǌ2'
ŹĺáǋFulton's condition factor, FKǌ9 QTLƉĝ$ƂŇÆUpP ŋ	Źĺá
% Luin et al.ǋ2013ǌ$Đĵ#îFultonǋ1902ǌ#24Ÿġ6ĩã 100×BW/TL3
9ŋŠ 	 BW%ƩǋgǌTL%ƭǋcmǌ9Ŗ	QTLƉĝ9ƀ
¥# Shapiro–WilkĢÒ#24·ƂŇÆUpP$ĪƇñ9ĢÒĪƇ¡Þ	3Ơż5
ƂŇÆUpP#×% Yang et al.ǋ2006ǌ$Đĵ#îBox–CoxÌĈ9ŋUp
36 
 
P$¡Þ9ĪƇ¡Þ#Ɯ$QTL Ɖĝ#	ƟƫƉĝ%ŝ 1 Ŝ ¹ĥ#
LINKMFEX software package version 2.3ǋDanzmann 2006ǌ2'Map Manager QTXO_




;ǋBroman et al. 2003ǌ9ŋƉĝ5 ƹƈƷƈŌĜ$ QTL$Ģ 9ƍ.
	QTLƉĝ%-­ƯbS^oDĵ#25 single-QTLLBgo9ƀ	$Ƶ
ƊŠĐĵ  EMǋExpectation-Maximizationǌ;kHjMd9ƣŋƉĝ5­Ư%
1 cM  	ĩ#Ɖĝ­Ư9 2.5 cM#ƋÒtwo-QTLLBgo9ƀ 
ő}#ŋ5 QTL9Ąŧ	Ĕí# single-QTLLBgo2' two-QTLLB
goĢ 6 QTL9 multiple QTL model9ŋƉĝ5 #24·èƔ#
5QTL$ŵ9ŃÒ	QTL$ÐÃ9Ŗ/#ƉĝƟƫŷ#× 1,000
À$ permutation testǋChurchill & Doerge 1994ǌ9ƀ Ėôıļ 5%$Ʊ9Š 
Ɖĝ#24ï36 LOD 
Ʊ9ƖÊ¸9Ėô" QTL 5 ¢ď	
· QTL$ƂŇÆ)$Õtņ%¹O_V>?;$ drop-one-term¡ĝĨŻ9ŋ· QTL
$¡ċ9Š ƂŇÆ¡ċ#×5¦ ǋ¸percentage of Phenotypic Variation Explained, 
PVEǌ ĆÒ	-· QTL#5 95%ǀ­ƯǋConfidence Interval, CIǌ
%a=MĆÒ9ŋŠ  95%ŋ­Ư 	ƹƈƷƈŌĜ$66 QTL

Ģ 6Ê¸#%Wang et al.ǋ2006ǌ$Đĵ#îQTL#Ĕ0Ɯ DNAbp
Ap$ƥÏÆòÉ ƂŇÆ9ŋ|Ƨŵ¡ċ¡ĝ9ƀő}ư$Ėŀ9ŕ
Ə	"QTLƉĝ% ¯äÔţ$ 1ÔţǋÔţ Aǌ9Ɵƫŷ#Ƨ
ŵ6 SSR bpAp9ŋƀõƭưƟèƔ#ưt5 QTL 9ŃÒ$
Ĭ4$0 1ÔţǋÔţ Bǌ9 QTL
ŃÒ6Ɵƫŷ#Ƨŵ6 SSRbpAp$








 2014à 10ĕ#ƭ2'Ʃ9ĹÒ F1ƺŘZP¯äÔţ 2Ôţ$·#×
 7 $ SSR bpApǋEbr00008FRA, Ebr00010FRA, Ebr00184FRA, Ebr00317FRA, 
Ebr00333FRA, EguSTR151FRA, and EacSTR236DBǌ9ŋƈÏƬÒ9ƀŬĞÔ
ţ A B66 178Ú168Ú$õƭưƟèƔUpP9ïǋTable 4ǌ	^;Oo
$řņőưČ9Š ·èƔƯ$őưư9Ƒ*ŬĞÔţ AB 0#ƭ
 Ʃ#æĪ$őư







ƂŇÆUpP$¡Þ9ŕƏǋFigures 5 and 6ǌ	Č ƂŇÆUpP$¡Þ24Ô
ţA9Ɵƫŷ#Ƨŵ6 SSRbpAp9ŋ$õƭưƟèƔ$QTLƉĝ#
Ôţ B9ŃÒ QTL$Ģƌ#ŋ5  	"Ôţ A$ 178Ú%ŝ 1Ŝ
ƟƫÄÂƃ#ŋ ¹5	 
 
Ôţ A#5õƭưƟèƔ$ QTLƉĝ 





$Ɵƫŷ 810132' 19#Ƨŵ6 SSRbpApEbr01086FRAEbr00814FRA








ï36	ƭƩ$!3$Ɖĝ#0Ɵƫŷ 8 2' 10
Ģ 6 QTL #%ő}ư
Ə/36	63$ QTL $ƜbpAp5




UpP ŋ QTLƉĝ% QTL%Ģ 6"		 
qĐPbA=ƷƈŌĜ$ƥÏÆòÉ9ŋƉĝ%Ʃ#ưt5 2$QTL

PbA=ÄÂ$Ɵƫŷ 3 2' 10 #Ƨŵ6 SSR bpApEawSTR12DB 2'
EfuSTR339DB$Ɯ66Ģ 6	· QTL$ LOD%# 3.004
ƂŇÆ¡ċ#×5· QTL $Õtņ% 6.9%	Źĺá9ƂŇÆUpP ŋ
 QTL Ɖĝ%PbA=ÄÂ$Ɵƫŷ 3 #Ƨŵ6 SSR bpApEfuSTR0040DB
$Ɯ QTL
Ģ 6	6%Ʃ#ưt5 QTL Ģ 6 QTL$ 1




Ôţ A#5ƹƈƷƈŌĜ£$Ʃ#ưt5 QTL$ő}ŋ 









	-$ 3$ QTL$Ū¸#ƹƈŌĜ2'ƷƈŌĜ$ QTLƯ
ő}ŋ
Ə/36	;lk$Ū¸#25ĔÎ$ƩÝ% qBW13t:qBW3g$ QTL




Ôţ B9ŋõƭưƟèƔ$ QTL$Ģƌ 
 Ôţ A$ QTLƉĝ#24Ģ 6 7$ QTL% 6$Ɵƫŷ#ŵ	
63 6$Ɵƫŷ#Ƨŵ6 87$ SSRbpAp9ŋÔţ B¹ĥ
$Ɖĝ9ƀQTL9ĢƌǋTable 8ǌ	;AbQiZPƹƈŌĜ$ƥÏÆòÉ9
ŋƉĝ%Ʃ#ưt5 QTL 
Ɵƫŷ 8 #Ƨŵ6 SSR bpAp
Ebr00822FRA$Ɯ#Ģ 6$ LOD Õtņ%66 2.192' 5.8%
		"




PbA=ÄÂ$Ɵƫŷ 10 #Ƨŵ6 SSR bpApEbr00317FRA 2'
Ebr01032FRA$Ɯ66Ģ 6	· QTL$ LOD% 2.342' 2.48
















 ;AbQiZPƹ PbA=Ʒ9Ŀ~Ƨ ƹƈ$ō"5 F1 ƺŘZP¯
äÔţ9ŋõƭưƟèƔ$ QTLƉĝ9ƀ	ƭƩ2'Źĺá9ƂŇ
ÆUpP ŋŝ 1ŜƉĝ ¹ 178ÚǋÔţ Aǌ9Ɵƫŷ#Ƨ
ŵ6 SSRbpAp9ŋ$õƭưƟèƔ$ QTLƉĝ#ŃÒ QTL9Ô
ţ B$ 168Ú9Ɖĝ5 Ģƌ	®¡"Ģ §$0  QTLƉĝ9ƀ#%
Ɵƫŷ9űŶ52# DNAbpAp9Ƥü5 #©Ɖĝ#ŋ DNAb
pAp$·Ɵƫŷ$bpApâƯƗƻ
 20 cM24ŅƯƴ "5 
ė-
ǋMassault et al. 2008ǌ	ŝ 1Ŝƃ;AbQiZPǋƹǌ2'PbA=ǋƷǌ
$ƟƫÄÂ%bpApâƯ$Ɨƻ
 20 cMr "5ş÷
66 42' 9ş÷ŕ
Ə5ǋTables 1 and 2ǌ		"
363$ė-"ş÷%PbA=ƟƫÄ





śbpApâ#25ƶą5 2$bpApâƯ$ßÅƥƗƻ%66 4.6 cM
5.6 cM4ĆÒFYdA[pņ% 83.2%2' 73.7%	G=2'T<i
^;%¹ĥ$bpApâƯƗƻ-%FYdA[pņ#25ƟƫÄÂ9ŋƉĝ
#24õƭưƟèƔ#ưt5 QTL
Ģ 65ǋWang et al. 2012; Liu et al. 






Ż "5ǋDavey et al. 2011ǌ	RADJpC@oLǋRestriction Site Associated DNA 







#ưt5 QTLƉĝ%LMB 0.2–5.6 cMǋWang et al. 2015ǌRg=mbkZP









"8;AbQiZPǋƹǌƟƫÄÂ$Ɵƫŷ 810132' 19 PbA=ǋƷǌ
ƟƫÄÂ$Ɵƫŷ 32' 10#ŃÒ6ǋTable 6ǌ	· QTL$ƂŇÆ#×5Õtņ
% 6.3–12.1%	C@%Ʃ#ưt5 8$ QTL
Ģ 646
6$Õtņ% 7.5–18.9%ǋKessuwan et al. 2016ǌ	-LMB#%õ
ƭưƟèƔ#ưt5 6 $ QTL $Õtņ
 10.5–16.0% É»64
ǋWang et al. 2015ǌĚŜï36 ǁ5	63$ŬĞ24ƺŘZP#
5õƭưƟèƔ0C@1LMB ¹ĥ#Ø"ªĞ9ĀƄČ$ QTL#24ĊƧ
650$ ĆĹ65	;AbQiZPǋƹǌƟƫÄÂ#ƭ#ưt5
QTL  Ģ 6 4 $ QTL %ƭ Ʃ#æĪ$őưư
Ə/365$
 ¹ĥ#+,¹ LODÕtņƩ#ưt5 QTL 0Ģ 663
$ 95%ǀ­Ư0ƩƄ		"
3PbA=ǋƷǌƟƫÄÂ$Ɵƫŷ 3
2' 10#Ʃ#ưt5 QTL Ģ 6 2$ QTL%ƭ#ưt5
QTL %Ģ 6$$qĐ%Źĺá#ưt5QTL Ģ 6	
63$ŬĞ	3 F1ƺŘZP$õƭ#;AbQiZPƹƈŌĜ$ 4 $ QTL





Â$Ɵƫŷ 82' 10Ģ 6 QTL#Ėô"ő}ưǋ@^LPJLǌ
ŕƏ





Ģ 65 0zó65	$2#ưƟ¸ QTL%ǉǋCarlborg 
et al. 2003; Ankra-Badu et al. 2010ǌ2'XKbLǋWringe et al. 2010ǌ#5õƭư
ƟèƔ#ưt5 QTL$ŔŚ#0É»65	XKbL$ŔŚ%õƭņ$






























6%FYdn=W$ QTL Ɖĝ#Ģ 6 QTL
$ƟƫŷƯ$ő}ŋ



































9ňƉ5ŝ 1ī#"50$ Ęì65	 
Ôţ A %ō"5ƹƈ	3  F1ƺŘZP¯äÔţ B9ŋÔţ AĢ
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Ɖĝ#Ģ 6 QTL$ 95%ǀ­Ư#ŵǋFigure 4 and Table 6ǌ	
-|Ƨŵ¡ċ¡ĝ$ŬĞ0Ôţ A  ¹ĥ#ƹƈŌĜ2'ƷƈŌĜ$ QTL
Ư$ő}ŋ%ŕƏ6"		$ 	3Ôţ A Ôţ BĢ 6 2$
QTL"8 qBW8t  qBW10g % F1ƺŘZPƝ$0$5µŻñ
Ÿ36
		"




Ģ 6;AbQiZPǋƹǌƟƫÄÂ$Ɵƫŷ 8132' 19$ QTL PbA
=ǋƷǌ$Ɵƫŷ 3#Ģ 6 QTL%6$ƂŇÆUpP9ŋƉĝ#0
Ôţ B%Ģ 6"			"
3Kessuwan et al.ǋ2016ǌ%C@ F1Ôţ9
ŋŔŚ#24C@ƟƫÄÂ$Ɵƫŷ 81013 2' 19 #Ʃ-%




5{0É»65 	3ǋReid et al. 2005ǌ63 4$Ɵƫŷ%C@ ;
AbQiZP#Ɲ5õƭưƟèƔ#ưt5 QTL 9Ė5µŻñ
Ÿ3









(A) ƭ (cm) 
 









(A) ƭ (cm) 
 











Figure 7 ;AbQiZPƹƈŌĜ$ QTLs (qBW8t, qBW10t)$~}ŋ`mSV  
























Table 4 F1N> 2/@6LMI4HD<+!  
4H
/@ A1781	   /@ B1681	 
"-% 7,% 70% )&#?* P%   "-% 7,% 70% )&#?* P% 
$L(TL) 44.22  50.70  33.50  3.94  0.0007* 

42.86 50.20 32.04 4.57 0.1458 
$K(BW) 1736.00  2819.00  721.00  565.75  0.4383 

1559.00 2745.00 596.00 539.50 0.3504 
B;3(FK) 2.01  2.37  1.76  0.16  0.0098* 

























" *  
%
# A178	   # B168	 
TL BW FK 










   
0.532 
$(FK) 
      
 1%


























:n(TL) "-'0+& Efu_LG8 (0.0) Ebr01086FRA (0.0) 6.56 12.0 0.0–10.0 qTL8t 
  
Efu_LG10 (10.0v Ebr00814FRA (10.7) 6.61 12.1 2.5–15.0 qTL10t 
  
Efu_LG13 (22.5) Ebr01402FRA (22.0) 6.48 11.9 14.6–35.0 qTL13t 
  
Efu_LG19 (0.0) Ebr01150FRA (0.0) 3.57 6.3 0.0–12.5 qTL19t 
  
Efu_LG8 (0.0) 




        
:l(BW) "-'0+& Efu_LG8 (0.0) Ebr01086FRA (0.0) 6.00 11.2 0.0–10.2 qBW8t 
  
Efu_LG10 (12.5) Ebr00814FRA (10.7) 6.19 11.5 2.5–17.5 qBW10t 
  
Efu_LG13 (25.0) Ebr00509FRA (24.2) 5.95 11.1 12.5–35.0 qBW13t 
  
Efu_LG19 (0.0) Ebr01150FRA (0.0) 3.60 6.5 0.0–12.5 qBW19t 
  
Efu_LG8 (0.0) 




        
 
&-"  Ela_LG3 (17.5) EawSTR12DB (18.0) 3.00 6.9 5.0–20.3 qBW3g 
  
Ela_LG10 (32.2) EfuSTR339DB (32.2) 3.00 6.9 15.0–32.2 qBW10g 
        
bUK(FK) &-"  Ela_LG3 (18.6) EfuSTR0040DB (18.6) 3.57 8.8 12.5–20.3 qFK3g 
QTLeS^T5%$*.4 )QMg QTL[Y7p<













t1g1 t1g2 t2g1 t2g2 
qBW8t : qBW3g 1830.77  1662.52  1794.52  1506.57  † 
qBW10t : qBW3g 1792.27  1582.77  1831.69  1610.58  † 
qBW13t : qBW3g 1923.64  1758.69  1675.25  1419.00  ‡†§ 
qBW19t : qBW3g 1968.17  1692.65  1674.92  1520.93  ‡†§ 
qBW8t : qBW10g 1835.85  1635.92  1789.33  1565.58  † 
qBW10t : qBW10g 1758.74  1632.04  1868.42  1554.94  † 
qBW13t : qBW10g 1942.03  1719.58  1624.28  1496.20  ‡†§ 
qBW19t : qBW10g 1915.08  1751.57  1712.08  1501.78  ‡† 








Zg) QTL,“ ‡ ”“ † ”["-'0+&rd&-" qd	C(_

32oY7;W



























:n (TL) &-"  Ela_LG10 (35.5) Ebr00317FRA (35.5) 2.34 6.2 10.0–37.5 
 
        
:l(BW) "-'0+& Efu_LG8 (1.8) Ebr00822FRA (1.8) 2.19 5.8 0.0–37.5 qBW8t 
        
  &-"  Ela_LG10 (18.1) Ebr01032FRA (18.1) 2.48 6.5 10.0–37.5 qBW10g 














ŌÞŽ.ĦŎƁŶÐū# QTL şÿŘ43	1ĥ³#µŶ2 QTL
±¤32ƙPoormohammad Kiani et al. 2009; Souza et al. 2013ƚ	*Ğ"	
$Ī!2ÊƘô#Śģ®MdI5ĨßſƁŶÐū# QTLşÿŘ43	1
ÊƘ"ğĪī! QTL±¤32ƙHadjipavlou & Bishop 2008; Ishikawa 2009ƚ	Ɩ
$Ī!2ÊƘô#Śģ®MdI5ĨßſƁŶÐū# QTL şÿ5Ř±¤$
2ƙWang et al. 2006; Wang et al. 2015; Kessuwan et al. 2016ƚ3*"ĥ³#µ
QTL#µ"Ɓ2±¤$!	ĺ 2Ĺ$ßſĢ#Ī!26;XJ]QIIX;7

















 ĺ 2Ĺşÿ6;XJ]QIƉ 2ÄIX;7Ƈ 1Ä5oěnŻĪ!2ƉŞ
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	/&zżƙRWeƚ#¡Š 6#Śģ®MdI5 QTLşÿ"|Ĩ	QTLşÿ$ĺ 2
Ĺ¢Ć"33#Ðū"	ƉŞƇŞĩþ# Źwº®Û±5 R/qtl GUN8
96ƙBroman et al. 2003ƚ5Ĩşÿ2ƉŞƇŞĩþ# QTL#Ą5ţ
+	*QTLşÿ5Ř"$Shapiro–WilkĄ¼"/1 Śģ®MdI#ĊŝÚ
5Ą¼ĊŝÈ
0ŷő2Śģ®MdI"Â$ Yang et al.ƙ2006ƚ#îđ"
ÕBox–Coxµç5ĨMdI#È5ĊŝÈ"ű#QTLşÿ"r
	!	Ŷžşÿ$ĺ 1Ĺ¢Ć" LINKMFEX software package version 2.3ƙDanzmann 
2006ƚ	/&Map Manager QTXGUN896ƙManly et al. 2001ƚ5ĨŘƋ
isjŞ
02ƉŞƇŞĩþ#Źwº®Û± Xd;dƀ#ŹwŮƋ5
àQTLşÿ"|Ĩ	ĺ 2Ĺ¢Ć"¿Ŀ A5Ŷžŋ"Żŉ3 SSRX
d;d5Ĩ#ßſƁŶÐū# QTLşÿ"r¿Ŀ B# QTLşÿ$¿Ŀ A#ş
ÿ"/1 QTL Ą3Ŷžŋ"Żŉ3 SSR Xd;d#+5|Ĩ¢Ć"ş
ÿ2Ö03 QTL5Ąš	*Ą QTL »Ľ"	Ī!
ƅ"$QTL6`_#ùĠĐ5°"Ɩ5 »Ľ"	233#ðƀßſ















 6;XJ]QIƉ 2ÄIX;7Ƈ 1Ä5oěnŻ{ F1ƊĴQIÎ¿
Ŀ A B#ƑŎţƔúƀk#ßſõņ5{ß »Ľ"	2ßſƁŶÐūMdI5
ÖƙFigure 8 and Table 9ƚ	T6Gc#ĵĢĭƁê5ļ Ðūƀ#ĭƁƁ5
ŧ(łĀ¿Ŀ AB-"zſzż"	ÏĊ#ĭƁť,03ƙP < 0.01, 
Table 10ƚ	QTLşÿGUN896$eŔī"Śģ®MdIĊŝÈ"ÕŃŠ\M_
5u¼2,ĺ 2Ĺ¢Ć" Ðū#Śģ®MdI#SEN?]ZĊŝıĢ
VaLN5{ßŚģ®MdI#È5ıťƙFigures 9 and 10ƚ	!	ƑŎţƔ
úƀk"ŠĘĥ³Ŝ§$ Table 11"Ĳ	 
 
¿Ŀ A# »Ľ"	2ßſƁŶÐū# QTLşÿ 
  »Ľ"	2zſ	/&zż5Śģ®MdIĨ QTLşÿ#łĀ »Ľ
Ī!2 QTLĄ3ƙTable 12ƚ	6;XJ]QIƙƉƚŶž­©"	Ŷž
ŋ 13"ğ¼3 QTL$»Ľ"	Ą3	# QTL$»"	÷-ƕ
 LODƙ8.05ƚ	/&Śģ®é"Â2ÀhĢƙ18.8%ƚ5Ĳ¶»"	
÷-y LODƙ2.78ƚ	/&Śģ®é"Â2ÀhĢƙ6.9%ƚ5Ĳ	*
ĺ 2Ĺzſ"Ɓh2 QTLĄ3Ŷžŋ 810	/& 19# QTLŶžŋ
8 	/& 10 Ą3 QTL ƀ#ĭmƁ$ƌ»"	#+Ą3	»Ľ
zſ"Ɓh2 QTLŶžŋ 13"ğ¼3 QTL$zż5Śģ®MdI"Ĩ
 QTLşÿ5Řƅ"-»Ľ"	Ą3	0"÷-ƕ LOD	/
&÷-y LOD -zſ5Śģ®MdIĨşÿ¢Ć"33»¶
»	*ĺ 2Ĺzż"Ɓh2 QTLĄ3Ŷžŋ 810	/&
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3"ğ¼3 QTL$»	/&ƌ»"	Ą3# LOD$33 2.87









¿Ŀ A# »Ľ"	2 QTL6`_#Ā 
















¿Ŀ B"	2ßſƁŶÐū# QTL#Ąš 
 ¿Ŀ Aıť3 »Ľ"	2 QTL#ğ×5ĺ 2Ĺ¢Ć"¿Ŀ B5Ĩş
ÿ5ŘĄšƙTable 14ƚ	6;XJ]QIƉŞĩþ#Źwº®Û±5Ĩ
şÿ$»"	#+zſ"Ɓh2 QTLŶžŋ 3	/& 8"Żŉ3 SSR
Xd;dEfuSTR0040DB	/& Ebr00786FRA#ű"Ą330 QTLƀ"$ĭ
mƁť,03	¿Ŀ B"	Ą3Ŷžŋ 3# QTL$¿Ŀ A#şÿ
$Ą3!íŝ# QTL	Ŷžŋ 3#ĭm{Ĩ"/1»"	2z































 QTLşÿ5ŘłĀÖ03 QTL$ĺ 2ĹĄ3zż"Ɓh2 QTL#
95%Əƀ"xŉ»Ľƀ$Ī!2ğ×ť,03ƙFigure 4, Tables 
6 and 12ƚ	6;XJ]QIƙƉƚŶž­©#Ŷžŋ 13"ğ¼3 QTL$»Ľ5Ŵ
zſ	/&zż"Ɓh2 QTLĄ3	*Ŷžŋ 81019"ğ¼
3 3#QTL	/&Ŷžŋ 8 10#ĭmƁ$ƌ»"	2zſ"Ɓh2QTL
	/&»ƌ»"	2zż"Ɓh2 QTLĄ3	30#łĀ$Ŷž
ŋ 13"ğ¼3 QTL$ßſƁŶÐū"Âġ¹!Ā5ù	1Ŷž
ŋ 810	/& 19"ğ¼3 QTL$zſ*$zż#´"Ɓ42Ŵ#ĉą5
ù2-#Ō032	 






6;XJ]QIƙƉƚŶž­©#Ŷžŋ 810	/& 19"ğ¼3 QTLIX;7
ƙƇƚŶž­©#Ŷžŋ 3 "ğ¼3 QTL $¶»"	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ũ"ÑƎ5)Į032ƙVarsamos et al. 2005ƚ	ûįķ"}ţ6;X
J]QIƉ	/&IX;7Ƈ5nƊ{ F1ƊĴQI#ĳƖ"	-Ī!2
²ĚËßſƑƒßň	/&ŗęB_KHd_ĚË"h2ÑƎ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	1






ßſ"Ɓh2 QTL¢xŉ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0{ F1ƊĴQIÎ¿Ŀ B5Ĩ¿Ŀ AĄ
3 QTL5ĄšłĀĺ 2Ĺ"Ą3 2# QTL¢ QTLĄ
3ƙTables 8 and 14ƚ	*6;XJ]QIƙƉƚ#Ŷžŋ 8"Ą3 QTL$¿





















QTL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(A) »"	2zſ#´Ž (WLe, cm) 
 
(B) ¶»"	2zſ#´Ž (SLe, cm) 
 
(C) ƌ»"	2zſ#´Ž (RLe, cm) 
 





(D) »"	2zż#´Ž (WWe, g) 
 
(E) ¶»"	2zż#´Ž (SWe, g) 
 
(F) ƌ»"	2zż#´Ž (WWe, g) 
 





(A) »"	2zſ#´Ž (WLe, cm) 
 
(B) ¶»"	2zſ#´Ž (SLe, cm) 
 
(C) ƌ»"	2zſ#´Ž (RLe, cm) 
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(D) »"	2zż#´Ž (WWe, g) 
 
(E) ¶»"	2zż#´Ž (SWe, g) 
 











Table 9 F1QA 24C:OPK8JF?-%  
8J
4C A1786	   4C B1686	 
"1% ;0% ;5% +'#B, P%   "1% ;0% ;5% +'#B, P% 
$O.(N
           
&2(WLe) 9.26  11.32  5.40  1.40  0.0203* 

8.88  11.31  4.72  1.57  0.0007* 
/2(SLe) 6.44  8.44  2.25  2.02  0.0001* 

5.85  8.27  2.75  1.45  0.1637  
R2(RLe) 12.60  16.76  6.43  4.00  0.0034* 

12.40  17.20  6.20  2.13  0.1550  
$M.(N
           
&2(WWe) 389.16  632.14  164.90  150.75  0.9775  

350.65  562.27  174.02  118.99  0.0661  
/2(SWe) 360.58  721.29  24.83  313.30  0.9047  

324.31  678.85  79.19  142.26  0.0121* 






















SLe RLe WWe SWe RWe 

SLe RLe WWe SWe RWe 
+
*   
 
    
       
(WLe) 0.533  0.563  0.866  0.647  0.680  

0.599  0.610  0.903  0.653  0.722  
(SLe) 
 
0.560  0.620  0.905  0.700  
  
0.641  0.701  0.938  0.752  
.(RLe) 
  
0.709  0.676  0.874  
   




      
   
      
(WWe) 
   
0.747  0.798  
    
0.745  0.813  
(SWe) 
    
0.779  
     
0.811  


















Table 11 	  
 (°C) (g L-1) pH  
2013 
    
8 27.9 ± 0.4   28.2 ± 2.2  7.94 ± 0.23  4.10 ± 0.98  
9 28.4 ± 0.6  27.5 ± 3.3  8.03 ± 0.18  4.13 ± 0.74  
10 28.0 ± 0.2 29.6 ± 0.5  8.39 ± 0.28  5.28 ± 0.68  
11 28.4 ± 0.5  28.3 ± 1.7  8.32 ± 0.57  3.73 ± 0.10  
12 27.3 ± 0.5  30.0 ± 0.0  8.17 ± 0.25  5.20 ± 0.18  
2014 
    
1 27.0 ± 0.6  32.6 ± 1.1  8.50 ± 0.09  5.00 ± 0.55  
2 27.7 ± 0.5  34.5 ± 0.6  8.26 ± 0.08  4.60 ± 0.59  
3 28.2 ± 0.4  34.5 ± 0.6  8.18 ± 0.07  4.83 ± 0.48  
4 29.6 ± 0.5  33.0 ± 0.8  8.05 ± 0.11  3.70 ± 0.49  
5 29.9 ± 0.3  32.7 ± 0.8  7.87 ± 0.08  4.32 ± 0.48  
6 29.3 ± 0.4  30.3 ± 0.6  8.07 ± 0.02  5.17 ± 1.00  
7 28.8 ± 0.4  29.8 ± 1.3  8.29 ± 0.13  5.25 ± 0.60  
8 28.3 ± 0.5  28.5 ± 2.1  8.19 ± 0.59  5.30 ± 0.14  
9 28.4 ± 0.5  27.0 ± 0.8  7.66 ± 0.13  4.80 ± 0.49  
10 28.7 ± 0.4  25.8 ± 2.2  7.90 ± 0.41  4.70 ± 1.16  


    

 27.9 ± 0.7  30.1 ± 3.1  8.26 ± 0.21  4.75 ± 0.57  
	
 28.8 ± 1.1  33.7 ± 1.0* 8.09 ± 0.17  4.36 ± 0.49  














Table 12 F1u^+&Jb ADIa(NqsmLk QTLhTcU  
ZSgw^ QTLE 
LOD=(%)	 
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"-'0+& qBW8t Ebr01086FRA 0.900 0.535 0.378 
 
0.877 0.532 0.375 
 
qBW10t Ebr00814FRA 0.894 0.525 0.376 
 
0.882 0.544 0.377 
 
qBW13t Ebr00509FRA 0.911* 0.545* 0.380 
 
0.863 0.522 0.372 
 
qBW19t Ebr01150FRA 0.902* 0.543 0.386* 
 
0.878 0.526 0.368 
&-"  qBW3g EawSTR12DB 0.898 0.534 0.382 
 
0.877 0.534 0.370 
  qBW10g EfuSTR339DB 0.893 0.553* 0.379 
 
0.883 0.513 0.374 
  
 









0.925* 0.582* 0.386 
 
0.858 0.497 0.361 





















?I HI vI   ?I HI vI






/ / / 
 
Efu_LG8 (1.8) Ebr00822FRA (1.8) 
qTL8t,  
qBW8t 












/ / / 
 
Efu_LG3 (30.0) 





/ / / 
           










































"-'0+& qBW8t Ebr00822FRA 0.862 0.527 0.392 
 
0.845 0.510 0.386 
&-"  qBW10g Ebr01032FRA 0.863 0.545* 0.392 
 
0.846 0.497 0.388 











 ÝăĈ!25H>KC=ŏ=H53ō ćŇ[Ő*,¾+. F1ŐćC=1
416 k Ď¿ŁyŝSSRŞHQ5Q1üĩß25H>KC=ŝŏŞ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ŌË- 2  HQ5QµŇ ²ŀaķő!25H>KC=ŝŏŞ=H53ŝōŞ
.. 4.6 cM5.6 cM,Ì£8BI5DQ÷! 83.2%*" 73.7%	
]śćĵ ļń1üĩß*,ÆŅňļ¸ĵňU- QTL







 F1ŐćC=¦č A  ĩß*,eŅeł*"ęï´ňU-Ī 7  QTL

 6 ļńĖ025H>KC=ŝŏŞļń ļńĖ 81013*" 19
=H53ŝōŞļń ļńĖ 3*" 10õ£.	 QTL ģø©
-§U÷! 6.3–12.1%	+ŐćC=-ÆŅňļ¸ĵ!ª}à
1ÊĦÏ QTL *,ÎŁ.-( Ìî.	¦č A !ÿ-ŏĨ	
+fw F1ŐćC=q¶¦čB1üQTL1âīđà25H>KC=ŝŏŞ
ļń ļńĖ 8*"=H53ŝōŞļń ļńĖ 10S ¦č Acĕ
ełňU- QTL 




į'+.	$¦č B âw.	 QTL ň(6
4 F1 Ŏ1ürġăĈâw.-ļńĖRĜ-( 

ŝKessuwan et al. 2016Ş	97ĆśŖQTL
ĸĔćŇ!j¡.-Z
h(.-	+ŝReid et al. 2005ŞÝăĈâw. 7 QTL!8B
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0
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QTL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- F1ŐćC=1ņĀ-ĚćÑŃ1 Figure 11ą	teā!ÝăĈâw
.25H>KC=ŏĨýÞ 4 QTL2ML=H53ōĨýÞ 2 QTL
2ML1.. śćGJQTL2ML1GJś1..
 ść ĨśüF1ŐćC=1fw-	 *ŀaHQ5Q1ü
.. Ĩść© MAS Ěć1ġŀaāĿÈĨś	+fw.
F1ŐćC=!óĿz Ĩś	+fw.½Þ F1ŐćC=*,(ÔÆŅ-
/Û».-	 
=3éû­6KEê¯ñãăĈņĀ<P=Q!ÝăĈ QTL ĩßgü F1
ŐćC= Ĩś-25H>KC=ŏke=H53ōke1&.. 181 ¬
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